Three different methods of DNA isolation (organic deproteinization, potassium acetate deproteinization, and the use of cetyltrimethylammonium bromide) have been used to prepare DNA from Bacilus subtilis.
Molecular analysis by DNA hybridization provides a powerful tool with which to detect and monitor microorganisms. Recently, methods which either identify pathogens (17, 26) or enable the tracking of genetically modified microorganisms have been developed (18, 27) . One of the bestestablished methods for identifying bacteria relies on the high degree of conservation in the coding regions of rRNA genes. For example, rDNA probes (DNA coding for rRNA) from a bacterium, Bacillus subtilis, will also cross-hybridize to the DNA isolated from plants (e.g., Phaseolus vulgaris L.) (29) . However, since the nontranscribed spacer regions are not conserved to the same extent, restriction fragment length polymorphisms are detected when an rDNA probe is used on DNA isolated from different organisms. Recently, the sensitivity of this detection method has been increased by the incorporation of the polymerase chain reaction (4, 19, 20) . However, rDNA restriction fragment length polymorphism analysis remains one of the most widely used methods of strain identification for many medically important pathogens, e.g., members of the family Legionellaceae (8, 25) and Peptostreptococcus spp. (15) , and for microbial community analysis (18) . During work with B. subtilis, which is being used as a gram-positive model organism for genetically modified microorganism release experiments (6), we have used rDNA hybridizations to detect and confirm the identity of this organism. However, the hybridization patterns observed varied according to the method of DNA preparation utilized, and in addition, by using two methods of DNA preparation, we were able to mimic the results of Loughney et al. (12), which were interpreted at the time as indicating a deletion of one B. subtilis rDNA operon.
B. subtilis strains NCIB 8054, ATCC 6633, and NCTC 3610 were grown in glucose medium (1% glucose, 0.5% peptone, 0.5% yeast extract, 5% sucrose) at 30°C with moderate aeration (180 rpm). DNA was prepared by lysozyme-sodium dodecyl sulfate (SDS) lysis of the cells, which was followed by chloroform-isoamyl alcohol (24:1) extraction and purification of the DNA by cesium chloride density gradient centrifugation (21) .
Plasmid pSP167 contains a 1.2-kb EcoRI rDNA fragment (28), which includes rDNA from a 16S coding region, all of the transcribed spacer region, and the start of a 23S coding * Corresponding author. region (5, 11). The probe should therefore detect EcoRI bands of two different sizes (1.2 and 1.4 kb), corresponding to DNA fragments with and without a tRNA gene in the spacer region (11). However, when this rDNA was hybridized to DNA isolated by the method described above, two extra EcoRI bands were routinely identified (3.8 and 7.3 kb) (Fig. 1, lane a) , the identity of which could not be accounted for by the known restriction maps (5, 11) .
DNA was also isolated essentially by the method of Ausubel et al. (3) , which utilizes cetyltrimethylammonium bromide (CTAB) (14) after an initial degradation of the cell wall with proteinase K. When DNA purified by this method was Southern blotted and hybridized with pSP167, only the theoretically correct 1.2-and 1.4-kb EcoRI hybridization bands were observed (Fig. 1, lane b) . In addition, when hybridization to BamHI-, HindIII-, and PstI-digested DNA was examined (Fig. 1, lanes c through h) , bands (indicated by arrows) which were absent when the CTAB method was employed were detected following one DNA isolation procedure (organic deproteinization). Moreover, the hybridization bands which were absent (Fig. 1, lanes d and f) corresponded exactly to those reported by Loughney et al. (12), who interpreted them as indicating an rDNA deletion.
The results presented here indicate that the presence or absence of these bands on autoradiographs can be correlated with the method of DNA preparation and imply that a nonprotein molecule may remain associated with DNA (even after CsCl centrifugation) and protect certain restriction enzyme sites from digestion. When CTAB was employed, polysaccharides (e.g., peptidoglycan) remained insoluble over the range of salt concentrations used, and thus, polysaccharide-free DNA was recovered (14) . In B. subtilis, the ribosomal genes are clustered near the origin of DNA replication (16) and both the origin and terminus of DNA replication are known to be associated with the membrane and/or cell wall (22) (23) (24) . It is therefore likely that some ribosomal operons will be associated with peptidoglycan in the cell wall.
As a control, DNA was isolated from a stable line of B. subtilis L-form bacteria (1, 10 less" or "cell wall deficient" (13), it remains unclear whether they are completely devoid of cell wall material, and some electron microscopy studies have indicated the presence of surface material or monorails (9) . However, unlike the case with protoplasts, it has not been possible to make these stable lines of B. subtilis revert and regenerate their cell walls (2) .
DNA was isolated by SDS-potassium acetate deproteinization (7) from B. subtilis (NCIB 8054) in both the cellwalled and L-form (stable line BS1) (1) states (Fig. 2) addition, DNA was isolated by the CTAB method from two cell-walled B. subtilis strains, the L-form parental organism (NCIB 8054) and a second B. subtilis strain (NCTC 3610). Figure 2 clearly demonstrates the presence of the extra EcoRI restriction fragment length polymorphism bands at 3.8 and 7.3 kb when DNA is prepared from the cell-walled organism with SDS-potassium acetate (lane b). DNA prepared by the same method from the "cell-wall-less" L form (Fig. 2, lane a) or from cell-walled organisms by the CTAB method (lanes c, d, and e) showed just the theoretically correct 1.2-and 1.4-kb hybridization bands.
Taken together, these results clearly indicate that some molecule, which is presumed to be peptidoglycan, a component of bacterial cell walls, was copurified with B. subtilis DNA when either phenol-chloroform or potassium acetate was used as a deproteinizing agent. The presence of this component restricted access to the DNA for certain restriction enzymes. Since we also (but less consistently) observed a HindlIl polymorphism, which again indicated a protection of a specific site in the DNA from cell-walled B. subtilis, we have provisionally identified the 5' end of one or more 23S rDNA coding units as being associated with the cell wall.
In the light of these results, great care will have to be taken in the interpretation of routine rDNA restriction fragment length polymorphism analysis for bacterial identification.
